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PURPOSE: A non-contact 3-D(3 Dimensional) scanner is provided 
to create 3-D shape of an object to be measured by sequent 
projecting stripe pattern onto the object and simultaneously 
photographing the shape of the object several times. 
CONSTITUTION: An LCD(Liquid Crystal Display) projector(10) 
sequentially projects a series of stripe patterns onto an object to 
be measured. A CCD(Charge Coupled Device) set(13) comprises 
the first and the second CCD camera(1 1 ,12) physically connected 
each other by signal input and output line for synchronization of 
photographing and lactational^ calibrated for obtaining basic 
coordinates. The first and The second CCD camera0 1 ,12) 

simultaneously photographs the object projected by the LCD projector(10) once per one stripe pattern and transmits 
image data of the object. A control computer(14) connected to the LCD projector(IO) and CCD set(13) controls the LCD 
projector(IO) and the CCD camerasd t ,12) to project the patterns and photograph the object. The control computer(14) 
receives the image data of the object from the CCD camerasd 1,12) and creates 3-D shape of the object. 
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(54) u|9^| 3*^ £?HM #*| 



M ^ogs U|g^AI 3^|.oj = X |o| ^Aks. ?*xm7\ £|oj- ^?||L1 &*|0|| 3d°SAi, A|S ^# UH fH S| ^§ CH-S^I g 

*r*|°S f-A^fe ifLAK^EKah #7| ^A^cKjII o| S y c||#§2] SgSfc ^3 7H^°| CCD ?M£r£r, #7| ^ 

§ 7H^°i ccd ^msm 2N »gg c«^gai 3ioi&i# 3*m a^N n<H^m ^i^w, # 

7| g^E-j *llojifi°| xH|oia|| 2|bH ^a^e[o| cH^#o)| ^A^a ±9 7H^a| CCD ?|-ch| ah^h nHS 7H^ 

M 7 | ^A^£h «a| S^ A |gj - ol^ll Eio) S| dj^oj go| ^ a7 | o| *g &4 -o|| ^ o|| a>X| o^l, X-jBj ol2i! AHJiE S^r S 

E. 1^ #E||2| 3*rS A7|)Li# LfEfcg ^AH£0|CK 

je 2^ # ahsoii si s- Hia^ 3*ra ^?hm a*\ t^eoick 

£ 3€ LCD ^S^ieH cHAjoil ^ a nH@o| !«# o|»«K>| S^l ^Afsfe 4EfcH tKH£0|cK 

£4feg ^go|| a|*1 ?hD)|B|- (Calibration)* ^@si7| *|*1 &2£0|cK 

£ 54r m CH4HWI *A>s|fe §y Ajxfl Aj gA | L4Eht+ o|o|x| nHQ4i 4Efc| § 2E o|cK 

£ 27H°| CCD 7rtH|£rO|| n ltl CH4HMI o|o|x|# § £ 5o1|ah x|A|e ^^x|B| nH|Ho)|AH «n_fs| i-fEf 

MICH £A|eSal£0|cK 



E7§£ 2CH| 14EKJI 27Hs| CCD ?fn||2W *\*o\ S*l| 2*S?I« £A|=I- SH£0|cK 



£ 8^ £ 62] o|o|x|o)| ^7^0=1 £ 7 # Sa|e|cH 2Rd(Epipolar line)* SEaIS- #j1Ho|cK 
££ 9^ £ 7011 £A|£| 3x^ 2fS7)|^2| £EA|£j- *Kn£0|E|.. 



10 : LCD 11 : All 1 CCD 9\0\\B[ 

12 : *l| 2 CCD 13 : CCD ?\%B\ 4|£ 

14 : g^N x-)|cM^ 20 : n|]go| SMS US US 
21 : 

m roe 3*m #*«2| ^?hm ^ x°^m, m\ ccd ?n&hhi ^a^em en 

aj ^tai ccd mwrn q ^*i*hoi ?^D^|^^ asoii ?joi ^sit ouens &i±i^nn ^ak*& § # « a i z$%£*\ 

S|eofl S>W gj ^AJ 7 |x|2| ^-AJ S ^- *Ai|0)| t^E|~ XHISSXHIHtS A « ^L^o)) Xj^SfO^ A]a|| = 7 |) &i °| & 

£ L()X| °tAiAJA|.S o|S|. gXh-S ^Bj^Oi SSs-0|Oi 0|#7J2| AJ^Sj. § £ Jflsj-S A| X -||§0| 71)^^1^ ?fA}^ AJ | £1-7)1 0)| A} .= 

^a°l °Htf« *txi°Kn XW. o|s^s. Aj^ e §fijn#s X i|^g*i|^ o|o|| fcfs^fe y-ggsilzfollH a?- 

S|al al^. SAD 2*hS Ai#q £g§ SSfe 5-771-Xl A|^|. 7 || ggs|. 7 | ^| 8|| AH M^7^ A^E|H °!x|Dj-, 3^°) gjji^ &z] 

A |xi|ga.o,s te g^7HL^o^B|a o|es|g S#*l-oWsp| aW^o\\ , 7H a| 7 1- « cH x| a g-s - °£a|?je 
Aj^sh gaa^ol o|^<Hx|x| afe 4!So|?jEh nhBfAH, 3xHl gg-g A|*||gs. g-jcHi-oH c|x|g c||o|ehs S#a|^i 
¥ Hsfe 5^x| g#sKH ^aj^- 5 o)|ah aj^|^7HM ee^ a|xhi§# nnm ^ Slfe 7^ A|^.ajo| gog^ 

OlEHfi. A|^Hjo| AJ^a °|5|)AH^ ^Aj #i |o| SJA^ ^ ol - y |. o ?E | §^|0)|^ 3*H! #*H°| f^f & 

S*|-7| 1c||a| CCD ?|-CH|B^ ai..7| ccd 7 ^|aW 2§wo § ^s^eH at b)|o|x| se^ Wl!(Light source)o| g& 

S 341! ^7HM7^ oissiach 

0|B|& #x-i|2.| |M A^Z|^0| 0|SJE|fed| 0| MZfWa ofladl, MZjgo| 371) ia X |g qqq ? ^Ef£f 

EM|0|xH7h 2+2+2| ^x|g(z|z| a ,b Bfjl &eK)o)| ^|a|SH1 aWS, 4d1a:| ^x|g( c )o| #*||o| fl*|am 7^°1cK CCD ?M5[2f b|| 
o|xH7F &c|]£|o S jig^oH ois tnja CCD 9m ^ Q3.7i\z\ el|o|xHo| mh S o| °|*|^ S7 |- AHs JL^s\o\ iW.) #*1|s| 

SE3<H| S^S e1|o|xHo| CCD 5-^12^1 a^I D J^-b «!eh^ zl ^tj°| ^|o|xH wj e ^ B |-ii «ffl, n 3 

a|£ BjEH7|- ej-ufe (s, a£|- c, b # §o| 3^§!#o| sf=^ 0 | fia|o|cK 

A/7|s^ fj£|# o|§shoi 3x}U g3|o| gAt 4 §eH°| 3*m ^7HM* £ 1 «H| ^EKISJcK 



g(ol|: na||o|aH)o| ^a^ mi\m CCD ?WaK2)» o|#s|| #S«cK o|S7j| #St1 o|d|x|o)|aH q^§# *1J1 4,1-71 CCD ?FD)I 
LCD =S3|Ei(1)# M S MS^Oi 3x}S sW | Ej^. 



SS^al Dflsoll fi^oii ^ioHAH vlcm^ <£i^o\ si^ch 



Salt #s| S*liao| ^xHaicK 



SEfi, CCD ?WBNI f7p-j£S A^sfe 3h*|(o||: Mo|*|, gj »sa|B|, n S*|7f ^Misjos ^3. ?ixr o||e-| 



m igg A(. 7 |^ ^ e =3siia§ sHas^i fi^oi, ccd ?mhbm :ns lcd sesi ccd ?ws* *m ci 

US 4i*|*M ?|-ch|b|- ^gcH| ojoj g-Aysit o||e|# *|±iWj1 &-7| LCD = £3|eh § # * a | *nhA|zj ^ SMI f£i«| m& 
a| Bfl SEfe 37| SI *S S±o|| ?-o||h>x| afji, xHisha>H£ a|ZW|o|| S d|o|B|# ^| 4= SlE^ S u|a*4| 3*1 
S ^?HM S*|# qsst^Eil n =*1o 1 sjcK 

m w-go| Bt£8t7| ?|^7|#A|S°£Ai, Ais ch# n|)gjo| *S c|)^#o|| f^EW, 

^a^eN s|sn ^AH! 4§rg ms#£| t°Jsfe £S ?H4^I CCD 7|o)|bM4, &7| CCD noflaHXl 2|sH SSS £?S PI^S 
°| gxj- e||o|b|# gj7^o|- 3*^ ^S^fe a^N *|o)*# ^H|SK>|, 

g^EH fllo|^a| *l|ojo|| °|§n +a^&o| nNo| a£l sjais °j^§[-oi cHiWofl *AWfl 7H^°| CCD 4 
Pilspl- ni)@ 7H^e># #*|o|| l|S ^g#a| q|4»s| 3*rS SSS «S*rfe tteo| ^IaIhicK 



o|«W|*)fe * ^S2| c||» ^S §J srsoii c(]t|]AH SYS ESS Ste^flA) 

£2u^ ttflol a|tt uig^Ai 3^oj ^ ?|jLi i_|. E ^|)- £*| ^Aj £0 |cK 

e 3^ lcd =sLmi m §y =neoi ois«w s^y mm* ^a|§r= tj S qeH-j &heo|ck 

E 4fe & Bl-Soll 2j» ?|-CH|a|- MS (Calibration)* &2£0|cK 

E 5^ EfliWol #¥4 Si m\ mM i4Eht+ o|p|x| h|]eh # 4e^J #2£0|cK 

E 6^ 27H°| CCD 7W£|-o|| 44 D Jffl SjS cHS-§a| o|a|x|fi g £ 50)H x-)|a|«[ ZLBl|o|aH(Graycode)s| d^|b[ nH&!o]|A4 *m 

o| Ajoj-S. I_|.E1-LH0| £A|t!- &alEO|CK 

£7g£ 201| L4EKi 27H^| CCD ^Moi ^5^|# £A|f4 &i£0|cf. 

£8§E 6£| 0|d|jc|o)| ^*HN E7f F£ EA|e|<x 5j i - £|^g(Epipolar line)# g iE0 |cK 

£fc£ 70)| £A|^ 3^ £tt7||S2| «e)|| £A|a #HE0|ch 

& tt-SS E 2o|| £A|g b^g-ol a-Js. e|-# nilgai fc^* t||S#o|| oj^»o S ^A|-sfe LCD E£S|Ei(10) Si =He 

oi am(2o)°s oi^.oia f.A|^c_m^ # 7 \ ^a^ehhi sish ^s cfls*si s-gsfe 2 7H^i ccd 

n 1?HHaKH) SJ *ll 27|Pfla|(12)S 0|^oi5l ?|-CH!B|- ah| e (13 ) £ |. ; ?^|B| A||e(i3)o|| sjsfl ^§ q|g#a| g^d|o|E| 

S7| x]\ 1, q 2 CCD ?W£Kl1,12)t Ais ^|*|fiS0| E|oi ?IH, S7|45|0j SicK 

^A^Ej-B #¥£|# ¥A|3fe LCD ESS|Ei(io)e 0|Str ^£ °!H ^S S«l (21)011 o|§n ggA]7i ?J^o S = 
ANfe "Heo| 9J4H1! DHg S#(20)# o|## ^£ gjcf. o|fla hHS S€(20)# o|#sfe a^, S7| fAf^flfi s 
fi(21)af. S7| SS(21)fi| SaWI ^islfe nHSo| oJ^eI nHa SS(20)2r, #7| n|)6j S#(20)£| S,^oi| ^u|E|oi #S 

(21)°S-^EHo| ^A|Sfe »«tt|S(22)Sf 1 S7| nflg tt#(20)-g S|,? »J»2S 0|§A|?|fe 0|#S*I(23)S 0|^cHa|7|| &c\. 

oim, S-7| Dug S#(20)€ *a| SEfe ffa^B|o £ c||*||s^ a|§# ^ °[o D ^ mig a so| 0 |#ai-*t 94a| ^ bj. S£S 
S=lfe 5!^ oM2 S£o|| cc|EWfe S,*r KS2S o|#A|g ^ E o[n £ ^ s|gA|g - £ ?icK 

3*rS ^SnHSsi Sfl 37| si *gs| S^o)| ^o||^>x| mb| ^£o| gfs a|7J#o^| 3 *, ra g( po ints) e|o|b|« &7\ 
°M & ^SoflAi^ 7|s°| LCD =sa|E| ehajoii CCD 7|Di|a|S S 7H d) h§ ^*|sfoi H|jasj S«rS- M§t * 4 SUcK 

m y^oii 2 |g|| 3 * m ^% chs#« ^?ny«fe 4S« Msiaa e^ ^ck 



(D^DM Ma(Calibration)^a c|)a#S CCD ?M£[ M\ = £. #S«|-7|o)| °M 2 7H°| CCD 9[u\\a[ *|*l* Ma^of e|^d|| o| ccH , 

a F aaoia 7|5=^htii£^e| ?khibmn #cH^fl*i(fii¥-a^)£i- $s^ei si his sh^wm]^ a^m a-owife a 

o|Ei&?hD|ahMs#»te- »ae a*i, sa# ofe •«i(oi*«oi, aaeeoi #aaa#oi ft&ians fcoisitMs ^y) 
# ?hmahs sin oim, mn m\ ii&Q&Hm efech 

EES, n #*||2| 3*rS Sao| 2*m o|d|x| Ai-oji oJS^I 4Emfex|# <go[qo\ o=|B)7|]a| ^jf o}#oi mm, a ajs. =oix| a|« 
9U l Ht- B^rS a* gc*. o|B|e 4a^|E)t *o|| 3*tS a c)|o|Eis s#7| *|«M x^gcK 

cwswi. ?khm aa^i ^a 4§*i-7i- as 7|« z^sxion ch*kn ^ ccd zwai ^jet4i°i oi#at sis 

s £ 4 o)| i_|.EHi H^0|, 7|S £h£7||£MI 1 CCD ?|-D|BK11) S|S, 0|# a^|oj [R^.fT,]* t**KII, 7|$ 5fH7j|2f 

*n 2 ccd nmiaKi2) a^aTisi aia, oi# [r 2 ],[t 2 ]# =t*w 2 7H°i ccDnmaKn.12)* *]£. ma^ & aue( 13 ) S 

EJ*fl(«Wa| A|^iJo S |og )i 7 | S ^ 57 fl7|- a<Hx|D|4E lH «»o^ = CCD ?HH|B^o|| £|*j, o|# &7||°J [R 12 ],[T 12 ]7|- 
*«4iSfl#fi|o|ttcf. 

5. 20)| £A|E| CCD a||e# o|*fc x-)| 1,2 CCD ?|-D||BK1 1 ,12)fe #7|£) fl-o| SQS ¥ *msj M\S.S. T&tlftc-l 

(2) ^I-chI sh I ^(Synchronization^ 2o)|a) #7|£HI flag ?[-d| a|-(l 1 ,12)* iJ£ S/S^ tiM gsH #&ia°s y-a 

•raw. 

^, *ii 1 ccd ?nskh)s ma»# »as * n 2 ccd ?wshi2)s cw m^mm *i?ioi &oi ^asis.^., a-7i *n 

1 , *ll 2 CCD 7|-D)|a^ §A|0)| 0|D|X|# aJ-0h#0|7| S=\f% -=7|£| AjgJcK 

m |}go)|AHfe §7|SfS Jp. 7H°| CCD ?rD)|a» o|§^oi ^a|o)| o|d|x|# g>of #QJ ^ sjcH #7|£|.e|x| gfe 4Mfl(4a-)fii} a-S 
*l &€■ A l?i(1 2S. o|n|x|# £>o|-#iJ ^ xi cK 

(3) f-AKStripe pattern projection)#7|2|- {fg nfa# 7i*j ^ 1, x-)| 2 CCD ?|-CH|SK1 1 ,12)sJ S! §7|tf7|- &g.s\°i 

LCD =S3|E|(10)# 0|#Sftt| fi| migs *g C|]A^o)| ^A^Cf. 

o| a^, LCD H£^e)u a&*l 2.7ho|i ^n|7[- 37| [r|)^o)| fgs} go| ?io) £ 3ih S"0| <gjgo| n||go| n(|ggss 0 | 

#^r°1 ¥4*^ E ?i^K^, siloed 4)S^e| ±g flloJAjs;^ e|7^S o|#ax|(23)7^ Sjg°| D8@(nHei, nH&!2, n«e 

3, HH4,-, "US 9)01 eins sue ga suhiah ^o £ a - n Hhcn^»°-s. #aoMi eis hhq g 

s(2o)si ts£s §yoi a?i mie ss(2o)hi s,^*oii ^ ^h|ei^ #^as(22)s #2f*foi a7i mi 

e ss(2o)si ^ sues a^. 

olsHH-ol asal nHHS ^A^fe o|^fe r4)#AHg *k 7 | ^is 3Jo|cK 

^, 3*rS ^a°)l ?io|Ai 7 ^ f2fi a4:fe q)g^ (Correspondence)^ ^|o|cK gfS)Xfg, X1| 1 CCD 7|-D)|a)(i 1 )s| 0|d|x|2| a 
as {d(D3)o| xi| 2 ? r u||HKl2) o|o|x|o| oiju Aj( D4 )o|| siig-Scfe a^# ^eta* ^ Xta^lW. ?fn|afe e!*|«fx| $S 

nRW, w*i<>|| ^2ES^ a!°| aHga -g§o S ^ n [|§a^ E|^ci| oi7|s n^ol^cr* a)§s^c|. 

S. 5fe LCD HSS|e4(10)o)| s|«H mago)| ^|^o £ ^AhE|fe *e!jo| aj #s ol^cHg iib)|o|^h# nHg m)Bj 977^1 ufa^ 

0|&)S97|)2| nHEjcHI a|sH aa^l^ ^9^1 n)# o|n| x|#( 9 7H)« 5SD££^ 2 8 7H Z|7| r^# o|^(History)# 7|-x|-^ ajs 

E»<H y ^ ?icK 

oil 3 cHI, o^7|o)|ah o|SS|-(binary)S o|n|x|a| oiin s xj a^l S SEfe 5|S(Pixel)a| i«j "DgollAi 8S nflS^W L-hMSilw 9°, 
oil* #o) 01001011 o|a|-oj o|» o|^(History)o|a| am, ch# o)niS o|e|- 7|| 4= Sir:). 

owaj- HH@(9a)o| f.g=j o|D|x|fc o|* o|atKBinary)«W a o|d|x|o)|aH ^«h°| Aj#o| «^»o S jnxfsfe oi|x|(Edge)# §> 

3., oi o)|x|^ xiis s#s. uhEmtdi, oi s#oi d|o|Ei tiis ^na|§o)i aaa^j chio|eh7|- emi sck 

5£ 7fi| £rS7)l^ ^l 1 ?WBK11) o|o|x| ggsj gjs|s| fiS P1S| ^§a£J ^| 2 ?|-D||SK12) o|o|x| ggo| P2< o| S ^ 0 1 



c\. a*! pi2foit tia&3*ft! 5|-*d(FD# ^oKn, ?m*[ Mgo)|Ai [r 

12 ],[T 12 ]«o|SSF0i o| 5|4J(F1)s| o|d|x| saoll 2*rt! s|t!(SR{4: F)* ^tW. 

n(|&jo| ojsii P1 o| o|B=j (History) 0 1 o)|# #0), 00110010 o|a^ *|| 2 CCD ? r D)|SKl2) 0|n|x| g°io||Ai o|£|- 

o|a(SJK001 10010)* ^fc ti(G: o)|x|d)S $ 0 t s|={d(F)af EM-fe mgo| P27^ch 

S0| LCD HS3|E|(10) SEfe Hb||o|iiH&!o| Hm(20)o1| £|«H S^N Su|e)o|| ZU)|0|3H7h ma»o)| ^A|. 

¥4S ^§ AhI CCD ? r Q)|Br *l|eoj *|| 1>2 CCD ?|-D)|aKl 1 ,12)7Hfa«MI E|feC|| 0|nH 0|o|x|7h b, C B r 

eis mm a#e| *owi4)s bibisck 

§f, sHfHol 97H0IS 9| £| BfSS 9£j SHt*WI SU, #7| g^&l s||o)if(l4)o)| gi^Tr nH@ ololxfe z} CCD ?KH|B r l£ 9?H£| 
n|]|H o|o|x|7| #°jE|HS, 27Hs| CCD ?MflaH *«t| 1 8?H s| o|o|x| g||o|e|a o|*<H*|7fl fich 

r4sW, a^E-l *)|0)^(14)fe a?l X|| 1, A1| 2 CCD ? r D||Br(1 1 ,12)S^Ei gj^S 187H°| nKej 0|o|x| 0|£©W 3*H! 

a Li|0|E-|#^§WI &c\, 

(4) a dio|B| o\a\x\ gas oi§a 3* r s a iioibi ^eie gsN *ii 0^04)011 ah ^isi^c-ii, e 6°iia^ §> 0 | 

o|D|x|(D1,D2)o)| o^|o|nHgoj| 8fl&*fe *j# §o)|AH #SJ& o|aj (History)* *r42l a(D3,D4)# a#S f| 

oho| n go|| cn& 3*rS ^ofe SO.b|## ^rS^r 5h=K 

q, £ 7SE-b £ 8o)H ia o|D|x|(D1)2| ttd(D3) &s\ g|a|2) ft S(pi)3f SiJ¥(01)# Sjatt«l4l(F1)o| 2tt! o|o|x| 

(D2)o|| ^SS 2Rt!(F)°£ L^mtEll, 0| 2RAj^ 2 a o|d|x|°| Aj(D4)2 r 2| ing(P2)2r B|SS| #a^(02)# flatt *J4d(F2) 

* ?jt)i sck o|7|Ai aa(Fi,F2)oi e.n-fe ^e^i sia a §(p)oi h^s 3*^ 5^7* set. 

S. 9ol|Ai piaf 01, P22 r 02« emtt^ 5|4!(E 72| F1, F2)*l ja*h§o| 3*^ S°J P(x w ,y w ,z w )7 r £|HS cf§a| a| 
7\m ns.no\\ c(lt!-vectorE1£| mi = 7|§ 2rjE7||o)| CH ffl- vectorE2S| 5|d 

^A^ckHI s|*H n% cH^Ssi H^S #?|ate 27Hs| CCD ?HHaKl1,12)^, ^ CCD 7^(11,12)0)1 2|SH #SS 

^a cH4»ai sa tiio|Ei# ?j7^oi- 3*m aa# aa^fe a^E^ ^^^(um ^hisw, 

#7| g =e| xgo|^(i4)s| xgojol Ar 7 | ^a^^ 0 | ns||o| 2Ef nHgigs ^a ma^l ^A|©ra a K 7| 2 7H°| ccd 

?M sKl 1 ,12)7^ nHfH 7H^EfS §a|o)| ^§ cH^§o| ^a ch#§2| 3*rS S^S«Sf°S^ ?|o(a| sa^l 

tttfsit oiiBie &\±&m^- a?i lcd ^s^Ei gai sfgAia ^ sin ^ich ^a masi a*i ^ 371 §y *g a^oii ^on 

g>x| ate, 35|H«ffl/H£ M^r S *a| a|2>#o}o|| 3^ a e|o|b|* =^ sife o|fio| 

(57)w?si m 
aw 

^71 ^A^EfOll fA|§ CH^«fi| ^a n^r5\ CCD ?W£r2K 

a7i ^a ccd ^nibn trsa ^a tHa#si ^a nioibi* 3*w sa« aasfe s^e^ qoi*« 

a^i a^Ei xhioi^o| qojoii o|sh a7i *a^ek>i BHais ^a mai-oii w«fa ^a 7H^si ccd ?msi 
7^ 2He 7H^e># § a ni *a masai h^s irssw ^a ^a#ai 3*m «a« aa^fe s« uia^a 3*ra 



a^s-2 

S^P-lh 1o)| ?io)AH, g 7 | ± % 7(14= o| CCD ?|D)|Bfe Ais?|*|a§o| e|o| ^Stmgo^ sfe ^!« §fe «ia^a 

3*ra ^?hm a*i. 



St 1 !!- 1o|| 2io|Ai, £p| f-A^E!-& Iflaf, #7| 3#o|| ^b|£|-fe nflgol °Ji||S n|jg &7| nH@ g# 

S| S.WHI ^H|£|CH #fi°£¥B|S| §I# f-A^Hr IWfflSfih AJ-7| nHg Iff 2^ uj|o £ 0|^A|7|±= 0|#&*|S Oj^-O) 





vector 01 = [0 )x , 0 ly , 0,J T , vector 02 - [O^, 0 3y , 0J T 
vector E 1 = [E u , E ly> E l2 ] T , vector E2 = [E lx , E, y , Bj 1 



